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A .bs t rac t - -A  system such as missiles and spare parts of aircrafts has to perform a normal operation 
in a severe nviromnent at any time when it is used. However, missiles are in storage for a long time 
from the delivery to the usage and its reliability goes down with time. Thus, a system in storage 
should be inspected and maintained at periodic times NT (N = 1, 2 . . . .  ) to hold a higher reliability 
than a prespecified value q. The following inspection model is considered: A system has two types of 
units, where unit 1 is maintained and unit 2 is not done. A system is also overhauled if its reliability 
becomes equal to or lower than q. The number N" of inspections and time (N'T-t- to) until overhaul 
are derived. Using these results, the average cost C(T) is obtained and an optimal inspection thne 
to minimize C(T) is discussed. 
1. INTRODUCTION 
A system such as missiles and spare parts of aircrafts is in storage for a long time from the 
delivery to the usage and has to keep a high mission reliability at any time when it is used [1]. 
However, its reliability goes down with time and it is impossible to check whether a system can 
operate normally or not. We need to inspect and maintain a system in storage at periodic times 
to hold a high reliability. 
Barlow and Proschan [2] summarized the optimal inspection policy which minimizes the ex- 
pected cost until detection of failure. Luss and Kander [3] and Zacks and Fenske [4] extended to 
much more complicated systems. Shima and Nakagawa [5] discussed the inspection of a machine 
with a protective device. Nakagawa [6] and Thomas et al. [7] considered the inspection policy 
for a standby unit as an example of a standby electric generator. 
This paper considers a system in storage which is required to have a higher reliability than 
a prespecitled value q. To keep its reliability, a system is inspected and maintained at periodic 
times NT  (N = 1,2,... ), and is overhauled if the reliability becomes equal to or lower than q. 
Then, an inspection umber N* and time (N*T + to) until overhaul are derived. Using these 
results, the average cost C(T) is obtained. We finally compute an optimal inspection time T* 
which minimizes C(T) and gives a numerical example. 
2. ANALYSIS OF MODEL 
A system consists of Units 1 and 2, where Unit i has a hazard function Hi(t) (i = 1,2). When 
a system is inspected at periodic times NT (N = 1, 2,.. .  ), Unit 1 is maintained and is like new 
after every time NT, and Unit 2 is not done, i.e., its hazard rate remains unchanged by any 
inspections. 
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From the above assumptions, the reliability function R(t) of a system with no inspection is 
R(t) = exp[-Hl(t) - H2(t)]. (1) 
If a system is inspected and maintained at time t, the reliability just after the inspection (t + 0) 
is 
R(t + 0) = exp[-Ha(t)]. (2) 
Thus, the reliabilities just before (NT-O) and after (NT+O) the N th inspection are, respectively, 
R(NT - O) - exp[-Hl(T) - Ha(NT)] , 
R(NT + O) = exp[-Ha(NT)]. 
(3) 
(4) 
Suppose that the overhaul is made if the reliability of a system becomes equal to or lower than q. 
Then, if 
R(NT-O) >q>_R[(N + I)T-O], (N=l ,2 , . . . ) ,  
i.e., 
exp[-Hl(T) - Ha(NT)] > q >__ exp[-Hl(T) - Ha((N + 1)T)], (N - I ,2 , . . . ) ,  (5) 
the time to overhaul is NT+ to, where to (0 < to < T) satisfies 
exp[-H1(~0) - Ha(NT + to)] = q. (6) 
This shows that the reliability is greater than q just before the N th inspection and is equal to q 
at time NT + to. 
Therefore, the average cost until overhaul is 
NCl+Ca (7) 
C(T)= NT+to '  
where cl = cost of inspection and c2 = cost of overhaul. 
Further, if q >_ R(T), i.e., 
q _> exp[-H1 (T) - Ha(T)], 
the time to overhaul is to, which satisfies 
exp[-H1(to)-Ha(to)]=q, 
and the resulting cost is 
(8) 
(9) 
(N = 1,2, . . . ) .  (11) 
(N = 1,2, . . . ) .  
(12) 
exp[-(A1T) 2 -- NA2T] > q ~_ exp[-(A1T) 2 -- (N "t" 1)A2T], 
Solving (11) with respect to T, we have 
1 
2--~x { -  (N + 1)A, + ~/(N + 1)'A~ - 4A~ logq} 
1 
Thus, if T satisfies equation (12) then N* = N. 
C(T) = c2. (10) 
to 
3. OPT IMAL INSPECT ION T IME 
Suppose that Unit I obeys a Weibull distribution with Order 2, and Unit 2 obeys an exponential 
distribution, i.e., Hi(t) =(Alt)  2 and H2(t) - A2t. Then, Equation (5) is 
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From equation (6), by obtaining to to satisfy 
(~lt0) 2+ (N°T+to)~ + logq = 0, 
the time to overhaul is 
1 
The average cost until overhaul is, from equation (7) 
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(13) 
(14) 
C(T) = N'c1 + c2 (15) 
1 N°T + -~X~ {-.~2 + ,t/A] -4A~(N'A~T +'log q)} 
Further, from equation (8), if 
1 ' q t  ' _> + 
then N" = 0, and hence, from equations (9) and (10), the resulting cost is 
(18) 
1 f - (N+l)a+~(N+i)2a2-4(1 a)21ogq t 2(1 - .)2 
l (-Na-t- ~N'a'  -4 (1 -  a)'logq} < AT < 2(1 - a) 2 
then N* = N, and if 
-a  + ~/a ~ - 4(1 - a) ~ log q 
AT >_ 2(I - a) 2 ' 
then N* = 0. 
Table I shows the inspection umber N* and the time to overhaul N*T+to for T when a = 0.1 
and q = 0.8. For example, when 0.300 _< AT < 0.333, N* = 4 and ~(N*T + to) increases from 
1.501 to 1.610 with T. 
Finally, Table 2 gives the optimal inspection time AT* and the minimum cost C(T*) for 
c~/¢1 = 10, 20, 30, 50. If the failure rate A of a system is estimated from actual data, the optimal 
inspection time T* and the resulting cost C(T*) can be obtained from Table 2. 
24:1/2-G 
Suppose that A1 = (1 - a)A and A2 = a~ (0 < a < 1). Then, from equations (12) and (16), if 
4. NUMERICAL EXAMPLE 
Therefore, when an inspection time T is given, we compute N* from (12) or (16), and N*T+to 
from equation (14). Substituting these values into equation (15), we have C(T). 
Actually, changing T from 0 to {-A2 + ~/A~- 4A~logq}/(2A~), we can compute T which 
minindzes C(T). I fT  _> {-A2 + ~,/A] - 4A2 logq}/(2A~) then C(T) is given by (17). Comparing 
C(T) for all values, we can obtain an optimal T* which minimizes C(T). 
~ (17) C(T) = -~ + ~/~ _ 4~ Iog'¢ " 
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T,,bl, I. Iv-pection numbm~ N*  and time to ovm~mul N'T  + to for T when a = 0.1 
and q = 0.8. 
~T 
[0.467, o~) 
[0.416, 0.467) 
[0~n,0.418) 
[0.333, 0.371) 
[0~00, 0.333) 
[0.272,0.300) 
[0.248,0.272) 
[0.227, 0.248) 
[0.209, 0.227) 
{0.193, 0.209) 
[0.179,0.193) 
N* I(N*T + to) 
0 0.467 
I [0.831,0.876) 
2 [1.114,1.190) 
3 [1.333, 1.429) 
4 [1.501,1.610) 
5 [1.632,1.748) 
6 [1.734,1.849) 
7 [1.815,1.928) 
8 [1.879,1.988) 
9 [1.930,2.034) 
10 [1.971, 2.071) 
Tsble 2. Optimal inspection time ~T* and minimum cost C(T*) for c~/cl when 
~ = 0.I and q = 0.8. 
/~  ~T" O(T') / (~,)  
I0 0.300 8.59 
20 0.248 14.01 
30 0.227 19.12 
50 0.193 28.98 
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